Responding to commentaries from psychologists, neuroscientists, philosophers and anthropologists, I clarify a central purpose of Cognitive Gadgets -to overcome 'cognition blindness' in research on human evolution. I defend this purpose against Brunerian, extended mind, and niche construction critiques of computationalism, that is, views prioritising meaning over information, or asserting that behaviour and objects can be intrinsic parts of a thinking process. I argue that empirical evidence from cognitive science is needed to locate distinctively human cognitive mechanisms on the continuum between gadgets and instincts. Focussing on that requirement, I also address specific challenges, and applaud extensions and refinements, of the evidence surveyed in my book.
targets of genetic and cultural selection; and folk psychology seldom provides the most precise and empirically-grounded descriptions of how these mechanisms work. In many cases -such as the mechanisms involved in object recognition, speech production, and reading -folk psychology is simply silent. Mathematical models can help to fill the silence, but without more abstract, software characterisations of what the mind is doing these models struggle to make testable predictions (Coltheart 2002; 2012) . Dominey and Fenici & Garofoli certainly do not suffer from cognition blindness. They see the computationalism of CG clearly and challenge it head-on. At the heart of their challenge are a lament and an historical claim. They lament that computationalist cognitive science makes little contact with lived experience and therefore with the humanities. It sides with the natural sciences, offering 'explanation' rather than 'understanding', in the language of 'information' rather than of 'meaning'. The historical claim is that this could easily have been otherwise. If computer technology had not been advancing so rapidly when behaviourism ran out of steam, the cognitive revolution would have produced a more humane, meaning-based cognitive science (Bruner 1990) I am sympathetic to the lament and I find the historical claim fully plausible. It is deeply regrettable that we are still a long way from knowing how to integrate explanation and understanding, information and meaning, science and the humanities. However, I doubt that the direction of cognitive science can be changed from on-high by the kind of metaphysical arguments advanced by critics of computationalism (e.g. Baggs et al; Clark & Chalmers, 1998; Hutto & Myin 2017 , Malafouris 2016 , and, even if such inorganic change was possible, I am not sure there would be a net gain from switching sides. A cognitive science that jettisoned computationalism for 'meaning' would lose most of the insights accumulated over the last 50 years and, although closer to the humanties, would be alienated from the natural sciences. As long as a meaning-based approach continues to dominate social and developmental psychology (e.g. Tomasello 2009; 2014; Whiten), I see no danger that it will be abandoned completely by those who study the mind. Furthermoreand this may be where I differ most from Dominey, and Fenici & Garofoli -I am not disturbed by the historically contingent origins of computationalism. I see both computationalism and folk or 'beliefdesire' psychology -the 'meaning' framework -as products of cultural evolution. They each have strengths and weaknesses, and are eminently revisable. For now, as highlighted by van Bergen & Sutton, there are advantages to be gained from using both folk psychology and computationalism to understand the evolution of the human mind.
R2

Grist and mills
In one of my efforts to overcome cognition blindness, to point at what is missing from cultural evolutionary studies, I borrowed an 800-year-old metaphor of the mind from Saint Thomas Aquinas.
I said that cultural evolution operates not only on the grist of the mind (e.g. beliefs, ideas, behaviours, skills, artefacts) but also on the mills (cognitive mechanisms). Like most metaphors, this one is far from perfect. Mills work on grist and cognitive mechanisms work on beliefs, ideas, behaviours, skills and artefacts (BIBSA); cognitive mechanisms take these particulars as input and transform them. So far, so good. But whereas mills turn grist into flour, cognitive mechanisms turn BIBSA into more BIBSA. Beliefs, ideas, behaviours, skill and artefacts -the usual targets of cultural evolutionary analysis -are both inputs and outputs of cognitive processing.
As Smaldino & Spivey noticed, the grist and mills metaphor would have been even more imperfect if I had used it to capture, not the synchronic relationship between cognitive processes and their contents, but the diachronic relationship between social interactions and neural mechanisms. I agree with them that "the social mechanisms of language use and the neural mechanisms of language processing may not be well treated as 'a grist' and 'a mill', respectively".
Fortunately, although the mutually formative relationship between social interactions and cognitive (rather than neural) mechanisms was a central theme of CG, I did not try to capture that relationship with a metaphor of any kind. Instead I characterised it as a relationship in which cognitive mechanisms undergo cultural evolution.
I am pleased to find that I have much in common with Baggs, Raja and Anderson, but they are also unhappy about the grist and mills metaphor. At first blush it seems that, in their view, this metaphor misled me into thinking that "the things we do and make" are mere products of cognitive processes. On this reading, to cast behaviour and artefacts as grist is to overlook the vital role of the agent's own behaviour in determining the information to which s/he has access, and to underestimate the importance of both artefacts and the behaviour of other agents as carriers of information in their own right. But when the first blush has subsided, this is an implausible reading of the concern expressed by Baggs et al. CG does not say a lot about artefacts because it focusses on social cognition (language, mindreading, imitation) rather than instrumental cognition (e.g. causal understanding, spatial navigation), but it dwells at great length on the importance of social interaction -what we do with others -in informing and shaping the human mind. Given this emphasis, it is more likely that Baggs et al are objecting to the metaphysics of the grist and mills metaphor. They are challenging the assumption -enshrined in both computationalism and contemporary Western folk psychology -that thinking, acting and artefacts are three fundamentally different kinds of things. They see value in the idea of "the extended mind" (Clark & Chalmers 1998), the view that behaviour and objects can be intrinsic parts of a thinking process.
There is something exhilarating about philosophical work on the extended mind. Consistent with the cultural evolution of mindreading, it shows that our thinking about thinking could easily have been both coherent and radically different from the way it is now. However, call me oldfashioned, I cannot see what would be gained, in everyday life or in cognitive science, by switching from the view that the mind is 'in the head' to the view that the mind is (partly) in the world. The capacity of a puddle to constrain dance movements and inspire mischief can be captured not only by casting the puddle as "a component in our action control" (Baggs et al), but also in the conventional way by casting the puddle as an environmental input to action control -grist to a mill. Common Prayer, "In the midst of life we are in death". The distinction between cognitive gadgets and cognitive instincts, although less profound, is similarly sinuous.
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The first thing I should emphasise is that a cognitive gadget is not an entity "created by cultural evolution alone" (Whiten). As highlighted by Sperber, I am convinced that "The rich interactive complexity of developmental processes makes it absolutely clear that, in cognition as in other biological systems, there are no pure cases of nature or of nurture; no biological characteristic is caused only by 'the genes' or only by 'the environment'" (CG, p24). Rather, a cognitive gadget is a cognitive mechanism with distinctively human characteristics that have been shaped predominantly by selection operating on cultural variants. In contrast, a cognitive instinct is a cognitive mechanism with distinctively human characteristics that have been shaped predominantly by selection operating on genetic variants. The terms cognitive gadget and cognitive instinct mark the ends of a continuum of cases (Sperber), with, I argued in CG, imitation and mindreading close to the gadget end, and things like associative learning and the inborn face bias (Iannetti & Vallortigara) close to the instinct end of the continuum.
There are many evolutionary processes that could, in principle, send a cognitive process from one end of the continuum into a "messy middle ground" (Rathkopf & Dennett) between gadgetry and instinctiveness. For example, in principle, genetic assimilation (Del Giudice) could increase the role of genetically inherited information in shaping development, and genetic accommodation could amplify the roles of nature, nurture and/or culture (Jablonka et al). As Del Giudice underlined, this is not a "zero-sum competition". All of these in-principle possibilities I happily embrace. What puzzles me is that those commentators who were critical of the gadgetinstinct distinction seem to share my interest in examining how different factors (genetic, cultural, 'plasticity' etc) combine to produce cognitive development, but do not seem to believe that, in order to do this, one must be able to get an empirical handle on what and how each factor is contributing in any given case. It is as if they want to know how different ingredients and oven settings contribute to the texture and flavour of a cake, but do not believe that, to find out, one must be able to distinguish their contributions through intervention -e.g. by adding more flour -and by contributions to development, and remarks ominously that "It may be impossible to fully make sense of the cross-cultural data on developmental trajectories without addressing the thorny issue of national differences in cognitive ability". However, Del Giudice does not direct us to empirical methods that are, in his view, better able to trace the contributions of nature, nurture and culture to cognitive development. It seems that he wants to consigned cognitive mechanisms to the middle ground between gadgetry and instinctiveness because he despairs of us ever being able to find positive evidence of genetic, learning and cultural contributions.
As I acknowledge repeatedly in CG, both explicitly and by poring over data, it is very difficult indeed to get an empirical handle on the contributions of nature, nurture and culture to cognitive development. For example, after discussing a range of methods, I note:
"each of the methods outlined above is highly fallible. When learning opportunity A (e.g. to talk with a parent about mental states) correlates with cognitive ability B (mindreading), it could be because a hidden factor, C (linguistic skill), is influencing both A and B, not because A is causing B. Likewise, twin studies may indicate a relatively large genetic contribution to development simply because the people included in the study happen to have grown up in very similar environments, and, in crossspecies comparisons, convergent evolution can be mistaken for a strong influence of learning on development. Given these risks, in this area of science, as in most others, we have to place more trust in research that includes effective control procedures, and to look for convergent evidence -for signs that studies using different samples and methods are pointing to the same conclusion. what the current evidence suggests -that many distinctively human cognitive mechanisms lie at the gadget end of the continuum (see below) -and, more generally, on the necessity for empirical evidence from cognitive science to back up claims about the roles of nature, nurture and culture in cognitive development. I will be content if CG proves to be "a timely provocation" (Del Giudice) in this respect; if it encourages those interested in human evolution to recognise that claims about the innateness and genetic assimilation of cognitive processes are not helpful unless they are backed by specific, discriminative empirical evidence. We should not allow nativism to be a matter of taste.
R4
More about gadgets
Before turning to the evidence surveyed in CG, I would like to say a little more about what I had in mind when I coined the term 'cognitive gadgets'. (Gadgets are out in the world now, so people can make of them what they will, but I still feel a bit proprietory.)
First, I have been convinced by Buskell (2018) that 'minority' cognitive processes -such as those specialised for chess (Del Giudice), lace making, or abacus calculation -are cognitive gadgets in good standing, and that they could prove to be a valuable resource in empirical research on the cultural evolution of human cognition. However, following High Church evolutionary psychology, I
am especially interested in the types of cognitive mechanisms -such as mindreading, episodic memory, language, imitation -that are present in most people alive today. These human-nature- Finally, I want to put my hands up and acknowledge that, although it suggests that cognitive gadgets are shaped by cultural group selection, the book says relatively little about evolutionary dynamics (Del Guidice, Smaldino & Spivey). It is the work of a cognitive scientist interested in evolution, not of an evolutionist interested in cognitive science. I hope researchers with complementary expertise will take up the challenge, using modelling and historical-anthropological data to assess the plausibility of the hypothesis that distinctively human cognitive mechanisms (along with grist -social organisation, norms, beliefs etc) have been shaped by cultural selection. In the meantime, let me reiterate baldly an argument in favour of cultural selection that did not make it from the book to the precis: We know of three sources of adaptive fit between a species-typical trait and its environment -intelligent design, genetic selection and cultural selection (Dennett 2017). Intelligent design now contributes to the development of some distinctively human cognitive mechanisms (e.g. there are education programmes designed to promote literacy), but it is not a plausible candidate for most of these mechanisms (e.g. mindreading, imitation). Genetic selection is the option backed by High Church evolutionary psychology, but, I argue in CG, contemporary evidence from cognitive science is not consistent with the idea that genetic selection is the principal architect of the human mind. Therefore, to the extent that distinctively human cognitive mechanisms are adaptive -do their jobs well -it must be because they have been shaped by the third designer, cultural selection. think there has been a misunderstanding due to their focus on the brain (hardware) and my focus on cognition (software). They identify the inborn face bias with a particular neural response. For them, the inborn face bias is a neural response. Therefore, by definition, as this response declines the inborn face preference goes away; it is a transitory phenomenon rather than something that persists to become part of mature face processing. In contrast, for me the inborn face bias is a functional entity observed at a particular stage in development; it is whatever makes newborns attend more to face-like stimuli. On this cognitive view, the decline of a particular neural response in the first few days post-partum is entirely consistent with the inborn face bias being a foundation for growth, via domain-general learning, of more specific face-related attentional biases.
R5 Evidence
R5.1.2 Executive functions
In packing into cook-like social learning rules. Just as a cook does not need to know the chemistry that makes it wise to bake a cake at 180%, a user of copy digital natives does not need to know the epistemology that makes it wise to learn IT skills from people born after 1985. But Rathkopf & Dennett's main point is well-taken: evolution is typically gradual, and therefore we should be on the look out for intermediate forms.
The question is: where should we look? It is easy to take any distinction between types of cognitive process and dream up a third (or fourth, or fifth…) type that shares characteristics with both. It is much harder to formulate new testable hypotheses; to conceptualise an intermediate type of cognitive process in a way that is both rooted in existing evidence and makes it possible to distinguish empirically between the new type and the types we already knew about. It is hard but, 13 unless intermediates are conceptualised in this way, theorising about the evolution of mind will continue to float free of empirical science. I want research on the evolution of cognition to be messy in another sense -to get down and dirty with the data. With this kind of engagement as a cherished goal, I would look for intermediates between planetary and cook-like social learning rules in the cognitive science of implicit metacognition (Shea et al. 2014) , not, like Rathkopf & Dennett, in research on 'rational imitation'. Experiments by Beisert et al. (2012) suggest that, in both human infants and chimpanzees (Buttelemann et al. 2007 ), rational imitation effects are due to distraction.
For example, a head movement is less likely to be copied when the model's hands are wrapped than when they're free, not because the subject understands wrapped hands to indicate lack of free choice, but because distraction by the wrapping procedure makes it less likely that the subject will attend to the head movement. If this is correct, if rational imitation effects are due to distraction, they are produced by wholesomely planetary social learning biases (Heyes 2016a) . .
Like many others (e.g. Tennie), but in contrast with Whiten, I see the inheritance of behaviour via social learning in animals as importantly different from human culture because it is not cumulative; it does not afford cultural selection. However, in previous work my colleagues and I have given a straightforward answer to Whiten's question about how to test for explicit metacognition in non-linguistic creatures: "If, contrary to our hypothesis, non-human animals have system 2 metacognition, they should be able to learn that reward-seeking behaviour is successful after making decisions that are unlikely to be correct (low confidence) and unsuccessful after making decisions that are likely to be correct (high confidence). This could be tested by, for example, using a reverse transfer test after training in a wagering task" (Shea et al. 2014 ).
R5.2.2 Imitation
Del Giudice is right to point out that twin studies have limited value in parsing the contributions of nature, nurture and culture to cognitive development (e.g. noted: "The fact that 30% of the variance can be attributed to genetic factors could mean that genes directly influence individual differences in imitation mechanisms, although it is entirely possible that the impact is on more basic perceptual, attentional or motivational factors" (p. 485). Fortunately, the case for imitation as a cognitive gadget rests not on twin studies -which were not even mentioned in the chapter of CG devoted to imitation -but on experimental data confirming predictions of the associative sequence learning (ASL) model, and indicating wealth of the stimulus.
In her deep and well-informed commentary, Powell argues that, even if the ASL model is right about the development of imitation, the resulting cognitive mechanism may be, not a cognitive gadget but a "cultural starting point"; not a mechanism favoured by cultural selection because it promotes cultural inheritance, but a mechanism, made possible by social elements of the genetic starter kit and dependent on social learning for its development, that acts as a platform for the evolution of true cognitive gadgets. I find this proposal very interesting indeed, and not only because it converges with work that Jonathan Birch (2017) only by "incremental increases in the human genetic predisposition for social motivation and attention". For example, many of the studies she cites, which claim to show that infants and adults respond positively to being imitated, did not include adequate controls for contingency, and there is evidence that, when imitation and contingency are dissociated, it is the latter that makes us feel warm towards others (Catmur & Heyes, 2013) . But these reservations aside, Powell's subtle analysis has given me much to think about. I am grateful to her.
Tennie's planet-of-the-apes reflections on imitation were also enlightening. I love the idea that "ape imitation is a gadget lent to apes by humans", and I am intrigued by his evidence that imitation evolved only about 500 thousand years ago.
Whiten and I have a long, and usually friendly, history of disagreement about imitation.
Instead of repeating answers to some of his "twenty questions" that I have offered in the past (e.g. 
R5.2.4 Language
I need to think further about the many subtle and interesting points made by Dominey, but I am sympathetic to his view that language is a very special cognitive gadget. I do not believe that language is necessary for all gadget construction -for example, the ASL model implies that imitation can get going without it -and I take seriously the idea that language itself is rooted in associative learning. However, once language is in place, even with a toe hold, it enables the evolution and development of a wide array of other gadgets. If Dominey and I differ at all in the importance we assign to language, it is probably because he is preoccupied by sophisticated cultural grist -creation myths, mathematical concepts, the causal roles of mental states -whereas I am at least equally interested in the cultural inheritance of nonverbal social behaviour and motor skills. Verbal instruction is of more limited value in learning shibboleths -facial, postural and vocal gestures that distinguish one social group from another -and the skills involved in making and using tools (Stout & Hecht, 2017) .
Jablonka, Ginsburg & Dor remind us that many peripheral mechanisms have been genetically specialised for language -"the innervation and musculature around the mouth, the larynx and the vocal cords, the unique function of the expanding muscles around the lungs" -and go on to say that "There is no reason to believe that the cognitive system, responsible for the activation and control of this physiology, somehow managed to remain unbiased towards it". Quite right, there is no reason to doubt that the mature cognitive system is biased for language. But the evidence surveyed in Chapter 8 of CG provides many reasons to doubt that the biasing was done by selection operating on genetic variants. Research in cognitive science on the roles of domaingeneral sequence learning and social shaping in the development of language makes it fully plausible that, while genetic selection has done the lion's share on peripheral mechanisms, cultural selection has shaped the cognitive mechanisms responsible for language processing. If theorising about the evolution of human cognition is to be evidence-based, any claim that our minds are genetically specialised for language must, I believe, engage with that research.
R5.2.5 Autobiographical memory
Autobiographical memory was not one of my case studies but in their fascinating commentaries 'unitisation' of cognitive mechanisms, the answer is far from obvious and cannot be solved by intuition. The beauty of computational cognitive science is that it uses, not intuition or folk psychology, but empirical methods to find out about the structure and functions of the mind (Shallice & Cooper, 2011) . That is why, in CG, I recommend cognitive science as a valuable resource to anyone interested in human evolution.
R6
Concluding remark
While a part of me would have preferred 30,000 words "of closely reasoned adulation", what the commentators provide is much more invigorating and instructive. I am grateful to them all for reading the book, and offering critiques that will help cultural evolutionary psychology to identify more and better cognitive gadgets.
